INTRODUCTION
Water is one of the most important resources, but also one of the most sensitive. Compared to other industrial sectors, the food industry uses a much greater amount of water for product unit [1] . The largest quantity of these waters appears as a wastewater. Water and wastewater costs are becoming an increasingly important economic factor for small and medium-sized enterprises. This applies particularly to the food and beverage industries [2] .
Based on the data of Water management basis of the Republic of Serbia (RS) [3] , total production of wastewaters in the Autonomous Province (AP) of Vojvodina is 766,041.00 m 3 /day of which about 60% are industry wastewaters. Even 72.7% of organic pollution originates from industry wastewaters. Emission from the food industry is 84.04% of total industrial pollution in AP Vojvodina. Of total organic load from all point sources, municipal and industrial, food industry participates with 60%. Such production of wastewaters is a major problem both from the economic and environmental protection point of view.
Of the total amount of wastewaters (municipal and industrial wastewaters) in AP Vojvodina, only 10% is purified, while more than 65% of industrial plants do not treat their wastewaters [4] . The highest percentage of industrial polluters (54.76%) discharge their wastewaters into the river (with or without previous treatment), then into the city sewer (19.04%), the channel (18.45%), the creek 3.57%, etc. [3] . Therefore, reducing the wastewater quantity and the possibility of its reuse are one of the greatest challenges facing industry today.
The aim of this work was to evaluate the application of micro and ultrafiltration for distillery wastewater purification in order to produce water suitable for the reuse in the bioethanol industry.
EXPERIMENTAL

Material
The experiments were performed using distillery wastewater from the ethanol factory Reachem, Srbobran Serbia, where it was obtained from starch feedstock.
Microfiltration experiment
The experiment was carried out in a cross-flow microfiltration unit shown in Figure 1 . The feed (1) was circulated by a centrifugal pump (WPEm 3400r) (2) under the condition of complete recirculation of the fluid. The experiment was performed under the transmembrane pressure (TMP) of 2 bar. The permeate (6) was constantly drained away from the system, collected and analyzed. The TMP and feed flow rate were adjusted by the regulation valves and measured by the pressure gauges (3a, 3b) and the flow-meter (5). The experiment was performed under the TMP of 2 bar and feed flow rate of 300 L/h. The multichannel ceramic membrane used (NOVASEP, France) had the nominal pore size of 200 nm with the length of 400 mm. The useful membrane surface was 0.0501 m 2 . All experiments were carried out at room temperature (25ºC). The system and membrane were cleaned according to the following procedure:
• short rinsing with water, without recirculation, in order to remove residual stillage from the system 
Ultrafiltration experiment
Ultrafiltration experiment was carried out using a Milipore Stirred Ultrafiltration Cell Model 8200 with maximum vessel volume of 0.2 L (Figure 2 ). The ultrafiltration conditions were as follows: pressure of the inert gas 4 bar, stirring agility 100 rpm, and the volume of wastewater that was filtered 150 ml. The wastewater was filtered through a polyethersulfone membrane with the molecular weight cut-off (MWCO) of 10,000 Da; the permeate was drained away from the system, collected and analyzed. The filtration was stopped when the flow rate decreased significantly. The experiments were carried out at room temperature (25ºC). 
Analitical methods
Feed and permeate samples were analyzed for dry matter, ash, organic dry matter, suspended solids and chemical oxigen demand (COD) according to the Standard Methods [5] . Total nitrogen was determined by the Kjeldahl method [6] .
RESULTS AND DISCUSSION
The wastewater was analyzed just after bringing it from the factory, and the results are presented in Table 1 . As can be seen from Table 1 , the analyzed wastewater has high values of COD, dry matter and total nitrogen. About 70% of dry matter is in the form of suspended solids, of which 90% is organic matter. Considering the presented results, it can be seen that distillery wastewater is highly polluted and it should not be disposed in the environment without previous treatment. Further, distillery wastewater was passed through the microfiltration membrane, permeate was collected analyzed, and subsequently nanofiltered using dead-end ultrafiltration membrane with MWCO 10000 Da.
Based on the presented results it can be said that the values of COD, dry matter and total nitrogen decreased after the microfiltration compared to the initial values of wastewater. The removal efficiency was 80.4%, 78% and 80.4%, respectively. The suspended solids were completely removed from the wastewater. The permeate with reduced content of organic matter and free from suspended solids could be recirculated in the mashing processes. This would reduce the amount of water needed for the bioethanol production process.
The permeate obtained after microfiltration still contains a large amount of organic matter, so ultrafiltration was conducted in order to improve the quality of the permeate.
Based on the results presented for UF permeate (Table 1) it can be seen that after the sequential micro and ultrafiltration the content of pollutants in distillery wastewater was significantly reduced. The removal efficiency for COD, dry matter and total nitrogen was 90%, 99.2% and 99,9%, respectively. Also, the turbidity was significantly lower in the UF permeate compared with that obtained after microfiltration. The permeate obtained in this way could be used as a dilution water in the fermentation step. However, additional analyses are needed in order to determine the presence of inhibitory compounds which can affects the ethanol yield. Usually, these are organic acids, glycerol and acetaldehyde, arising as by-products in the bioethanol production process [7] .
Modern tendencies are increasingly focused on the reuse of wastewater [1, 2, 8, 9] . Bialas et al. [10] investigated the effect of recirculation of starch stillage on ethanol yield. Their results showed that there is no change in the ethanol yield even when the 75% of water was replaced with stillage. Mohaghehi and Schell [11] also investigated the possibility of reuse of stillage in the ethanol production process. Three fermentation in series were conducted with different initial concentrations of sugar and replacing 10% or 20% of water with stillage. It was determined that, at low concentration of sugar and with 10% of recirculated stillage, the ethanol yield was insignificantly changed. However, with the increase of sugar concentration and quantity of recirculated stillage, the yield was gradually reduced.
Even though all discussions in the previous subsections motivate water reuse, the decision to reuse depends on economic feasibility. Treatment and discharge are often cheaper than reuse, but not always. The goals of water reuse, especially the goal such as zero discharge, are often too costly to achieve in one phase [12] . Therefore, it is very important to evaluate all stages of the wastewater treatment process, especially in the context of additional treatment costs required to achieve higher quality of the water.
Membrane separation technologies play a major role in the advanced wastewater treatment systems because of its potential for recovery of water from many industrial wastewaters [13] . Murthy and Chaudhari [14] evaluated the distillery wastewater purification with the combined use of UF and reverse osmosis (RO) processes. The percentage rejections of TDS, BOD, color, chlorides, sulfates and potassium were 97.9, 97.9, 93.2, 99.8, 99.7 and 94.65%, respectively. Similar results were obtained by Nataraj et al. [15] , with the use of hybrid NF and RO processes for the removal of contaminants to obtain a good water recovery rate. The water reclaimed by NF and RO processes could be reused for either municipal or industrial purposes.
The results obtained in this work are a basis for further investigations of the reuse of distillery wastewater in terms of the effect of recirculated water on the fermentation process and ethanol yield, as well as economic of the process.
CONCLUSION
Reducing of wastewater quantity and the possibility of its reuse are one of the greatest challenges facing industry today. The experiments conducted in this study showed that combined micro and ultrafiltration are promising techniques for recovery of water from stillage. Based on the presented results it can be concluded that the described processes were effective in purification of distillery wastewater with removal efficiency for COD, dry matter and total nitrogen of 90%, 99.2% and 99.9%, respectively. The composition of the permeate obtained after micro and ultrafiltration points out to the possibility of its reuse in the bioethanol production process.
